INTRODUCTION
It is generally assumed that homozygotes and heterozygotes for enzyme variants can be unambiguously discriminated after electrophoresis; that the phenotypes of apparent homozygotes represent two copies of the same allele, and that null activity alleles at allozyme loci are sufficiently rare to be disregarded.
Nevertheless, the presence of null activity alleles has been postulated to explain the homozygote excesses, often found in marine organisms (Ayala et a!., 1974; Boyer, 1974; Gartner-Kepkay et a!., 1980) . Skibinski et a!., (1983) estimated that null allele frequencies would have to reach 10 per cent to account for the observed excess of apparent homozygotes at some loci. Koehn and Mitton, (1972) and Boyer, (1974) found a few Mytilus edulis individuals with no detectable leucine amino-peptidase activity in samples with a significant homozygote ecess, which may be homozygotes for a null activity allele or represent cases of physiological inactivation of the enzyme.
Data from three recent surveys carried out specifically to identify null activity alleles also support the assumption that such alleles are rare. Mean frequencies of nulls for 20 autosomal loci in Drosophila malanogaster were estimated to be 0-25 per cent for a Raleigh, North Carolina and 0-23 per cent for a London, England population (Voelker et a!., 1980 and Langley et a!., 1981) . In two Pinus species null activity alleles were found at three of 27 loci in Pinus resinosa and at 8 of 29 loci in P. ponderosa giving mean frequencies of 0-28 per cent and 0-31 per cent respectively (Allendorf et a!., 1981) .
The distributions of null activity alleles in both the D. melanogaster populations were consistent with a mutation-selection balance mechanism (Langley et a!., 1981) . Mukai and Cockerham, (1977) estimated the rate of spontaneous mutation to null activity alleles to be 1-03 X iO over five loci and in a later analysis of the same material Voelker, Schaffer, and Mukai, (1980) estimated an average rate of 3-86 x 10 over seven loci. This is lower than their estimate of 1-28 x 106 for new electrophoretic mobility variants which were obtained from the same study.
In this paper we describe an unexpectedly high frequency of null activity alleles at the alcohol dehydrogenase (EC 1.1.1.1) locus (Adh) and at the sn-glycerol-3-phosphate dehydrogenase (EC 1.1.1.8) locus (Gpdh) in Australian populations of D. melanogaster. The average frequencies of Adh null alleles is about ten times higher than those reported by Voelker et al., (1980 (Lindsley and Grell, 1968) , or by inbreeding from appropriate single pair cultures. If the anomalous cultures produced Adh'/n male flies these were mated to CyO heterozygotes (homozygous AdhF), From the progeny single pair matings were set up, CyO/ n x CyO/n matings were identified by electrophoresis and n/n homozygotes were obtained. The 1984 Tasmanian collections were used to test the 1983 results with the null assay technique described by Voelker et aL, (1980) . To reduce the possibility of dysgenic phenomena (Engels, 1981) two homozyous tester stocks, Gpdh', Adh' and Gpdh5, Adh were constructed using flies from the 1983 Cygnet samples. From each of the Tasmanian populations sampled in 1984, between 43 and 323 wild caught males were singly mated to females of both tester stocks and the two progenies cultured separately. The male parents were typed for ADH and GPDH phenotypes, and cultures from males heterozygous at both loci were discarded. From each set of progeny from the heterogametic matings ten flies were separately typed for both enzymes. Following Langley et al., (1981) the failure of the wild caught allozyme to show normal activity as a homodimer in a heterozygote was used to designate a putative null.
Of the seven Adh and five Gpdh putative null activity alleles identified in these crosses all were successfully isolated using CyO as balancer in single pair crosses of the type CyO/ n x CyO/ n.
To identify null activity alleles we followed the labelling protocol of Burkhart et aL, (1984) to specify the population and line from which the allele was extracted (table 5) . Thus Adh"''4 designates a null extracted from the 14th single female line of the Australian Cygnet population. ADH and GPDH phenotypes were scored by electrophoresis of single fly homogenates on cellulose-acetate strips as described by Lewis and Gibson, (1978) . The allele AdhFChD was not scored as it is very rare in the Tasmanian populations (Anderson and Gibson, 1985) .
The relative viabilities of flies homozygous for chromosomes carrying Adh null activity alleles [FF or Fn] (ii) were estimated from the proportions of wild type progeny in Cy/n1 x Cy/n1 crosses. The viability of the extracted chromosomes as hemizygotes with Df(2L)64j (Lindsley and Grell, 1968) was tested in the progeny of crosses between either n1/n1 or CyO/n1 and CyO/Df(2L)64j.
Putative Adh null homozygotes were subjected to 4 mm exposure to 5 per cent pentenol vapour (Sofer and Hatkoff, 1972) . This is lethal to flies with any ADH activity. Wild caught flies from the 1984 Huonville II sample were also screened with this test within one day of collection.
RESULTS
The number of anomalous cultures in the 1983 samples and the null activity allele frequencies derived from these are given in The 1983 data, suggested that in the southern Tasmanian populations Adh null alleles might be at frequencies as high as 4 per cent, so it was worthwhile attempting to test whether homozygotes for null alleles were present. Sufficient flies for this purpose were only collected at the Huonville II site where 25 gms of adult flies (estimated 5234 D. melanogaster) were netted and exposed to pentenol vapour within 24 hours of capture. None of the flies survived. The Adh null allele frequency at Huonville II was 32 per cent so that Weinberg predictions (X = 320, p >005).
Sixteen chromosomes bearing Adh null activity alleles were isolated from the 1983 and 1984 Tasmanian samples. Table 4 lists the relative viabilities of twelve of these, together with data for six other second chromosomes bearing active Adh alleles extracted at the same time. Voelker, Schaffer, and Mukai (1980) have reported a spontaneous mutation rate to null activity alleles of 386 x 10-6. The average frequency of Adh nulls in our 1983 study was 0013, which would suggest a much higher mutation rate (iO-) if the selection coefficient against homozygotes was 1.0 and the population frequency depended solely on mutation-selection balance.
Some mechanism in the Tasmanian populations might possibly increase the mutation rate: mutation rates as high as i04 to i03 have been reported for the X-linked singed bristle locus of D. melanogaster (Golubovsky et al., 1977) and been attributed to male recombination (Green, 1977) and other dysgenic phenomena. There is some evidence that this is unlikely to be a cause of the relatively high frequency of Ad/i null alleles in the Tasmanian populations. Dr I. Boussy (personal communication) has found no gonadal dysgenesis in the F1 between flies from the Cygnet population and a standard P strain (although it does exist in similar F1's between Coils Harbour flies and a standard P strain) and in a survey of 30 second chromosomes, we find no male recombination in flies from Cygnet or Tamar but male recombination does exist in the Coils Harbour population. In addition the frequency of second chromosome recessive lethals does not differ significantly between the Tasmanian and Coils Harbour populations (Gibson, unpublished) . It is also worth emphasising that the breeding programmes we used to detect null activity alleles avoided dysgenic effects. It remains possible that high mutation rates might be responsible for the high frequencies of nulls, and a molecular analysis of these alleles will help to elucidate this possibility. It will enable comparisons to be made between these naturally occurring null alleles and chemically induced Adh null alleles (Schwartz and Sofer, 1976; Thatcher, 1980; Benyajati et a!., 1983) .
Given the frequencies of null alleles which they observed and using the mutation rates found by Voelker, Schaffer and Mukai, (1980) , Langley et a!., (1981) calculate the selective disadvantage of null heterozygotes to be 00015. The average frequency of Adh nulls that we observed in the 1983 population samples gave a figure of 00003. Voelker, Schaffer and Mukai, (1980) did not detect any spontaneous null mutations at the Adh locus, but observed a rate of 1649 x 106 at the Gpdh locus.
The frequencies of Adh null alleles which we have found in five Australian populations of D. melanogasler contrast with those obtained in previous surveys in the northern hemisphere, and show that in at least some populations Adh null activity alleles can be maintained at, or close to, polymorphic frequencies.
